APPARATUS FOR AND METHOD OF MANUFACTURING SHEETS 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an apparatus for and a 
method of manufacturing a stack of sheets by feeding the 
sheets and cutting off corners thereof. 
Description of the Related Art: 

X-ray films or the like are produced by cutting a 
rolled photosensitive medium to successive given lengths as 
sheets, stacking the sheets, covering the sheets with a pro- 
tective cover, sealing the sheets in a light -shielding pouch 
as a packaging material, and shipping the sealed sheets as a 
packaged product. The shipped packaged product is supplied 
to an image recording apparatus in which the sheets are de- 
livered one by one by suction cups or the like and images 
are recorded thereon by a laser beam or the like. 

Photosensitive mediums such as X-ray films are coated 
with an emulsion layer on their surfaces. When the coated 
surfaces of photosensitive mediums are attracted by the suc- 
tion cups in the image recording apparatus, the coated sur- 
faces tend to be damaged by the suction cups, possibly caus- 
ing noise in images that are recorded on the photosensitive 
mediums. Furthermore, since X-ray films or similar sheets 
are produced from a roll of elongate film, the produced 
sheets have a tendency to roll. It is therefore important 
to take the rolling tendency of the sheets into account when 



the sheets are manufactured. 

In the process of manufacturing sheets, it is necessary 
to turn them a certain angle in a horizontal plane or invert 
them, i.e., turn them upside down. However, a stack of many 
sheets is very heavy and cannot be handled efficiently. 
Nevertheless, the above operation needs to be performed 
quickly and reliably. 

Furthermore, the stacked sheets that are flexible are 
required to be fed reliably between various steps of the 
process of manufacturing sheets. 

Japanese laid-open patent publication No. 1-210298 dis- 
closes an apparatus in which the central region of the lower 
surface of a sheet is held by a narrow support having a con- 
cave support surface. In the disclosed apparatus, the sheet 
is curved by the narrow support for increased strength, and 
is fed in the curved state. The sheet can thus be fed with- 
out being flexed from one station to another, and can be 
transferred easily between the stations. 

In the mechanism for feeding a stack of sheets, the de- 
livery of sheets should be made reliably. For example, a 
stack of sheets need to be fed without being displaced while 
being fed. It is desirable to feed sheets while giving cer- 
tain strength to them regardless of their size, and also to 
hold and feed stacks of sheets reliably even if different 
numbers of sheets are contained in the stacks . 

Sheets manufactured as packaged products have their 
sharp corners cut off into round corners for achieving easy 



handling and avoiding damage in use. 

For example, in the apparatus disclosed in Japanese 
laid-open patent publication No. 1-210298, a plurality of 
square sheets are stacked and then aligned at their sides by 
an aligning unit, and the stacked sheets (hereinafter also 
referred to as "sheet stack") are fed to a first cutting 
unit where two corners are cut off, after which the sheet 
stack is fed to a second cutting unit where the other two 
corners are cut off. 

In each of the first and second cutting units, the cor- 
ners of the sheets are simultaneously cut off efficiently. 
However, while the sheet stack is being fed from the align- 
ing unit to the first cutting unit and from the first cut- 
ting unit to the second cutting unit, if the sheets in the 
sheet stack are displaced out of position, then the follow- 
ing problems tend to arise: 

If the sheet stack with the sheets displaced out of po- 
sition is cut off in the first cutting unit or the second 
cutting unit, then the severed corners of the sheets may be 
shaped or positioned differently from each other. Since the 
two corners are simultaneously cut off in each of the first 
and second cutting units, these two corners may be shaped or 
positioned differently if the sheets are displaced out of 
position. 



SUMMARY OF THE INVENTION 
It is a general object of the present invention to pro- 



vide an apparatus for manufacturing sheets efficiently with 
a reduced working burden by turning and inverting sheets in 
any desired direction. 

Another object of the present invention is to provide 
an apparatus for and a method of manufacturing sheets by re- 
liably feeding stacked sheets regardless of the number and 
size of stacked sheets. 

Still another object of the present invention is to 
provide an apparatus for and a method of manufacturing 
sheets of high quality by cutting off corners of the sheets 
with high accuracy. 

The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the ac- 
companying drawings in which preferred embodiments of the 
present invention are shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG, 1 is a schematic perspective view of a sheet manu- 
facturing apparatus according to a first embodiment of the 
present invention ; 

FIG. 2 is an elevational view of a film transfer mecha- 
nism in the sheet manufacturing apparatus according to the 
first embodiment of the present invention; 

FIG* 3 is an elevational view, partly in cross section, 
showing the manner in which another bucket is mounted on the 
film transfer mechanism in the sheet manufacturing apparatus 



according to the first embodiment of the present invention; 

FIG. 4 is a side elevational view of a first transfer 
unit, an inverting unit, a turning unit, and a second trans- 
fer unit in the sheet manufacturing apparatus according to 
the first embodiment of the present invention; 

FIG. 5 is a fragmentary perspective view of the first 
and second transfer units in the sheet manufacturing appara- 
tus according to the first embodiment of the present inven- 
tion; 

FIG. 6 is a fragmentary perspective view of the invert- 
ing unit in the sheet manufacturing apparatus according to 
the first embodiment of the present invention; 

FIG. 7 is a fragmentary perspective view of the turning 
unit in the sheet manufacturing apparatus according to the 
first embodiment of the present invention; 

FIG. 8 is a view showing a processing sequence in the 
first transfer unit, the inverting unit, the turning unit, 
the second transfer unit, and a discharge unit in the sheet 
manufacturing apparatus according to the first embodiment of 
the present invention; 

FIG. 9 is a perspective view of a turning discharge 
unit according to a modification for use in the sheet manu- 
facturing apparatus according to the first embodiment of the 
present invention ; 

FIG. 10 is a schematic perspective view of a sheet 
manufacturing apparatus according to a second embodiment of 
the present invention; 



FIG. 11 is a plan view of a first cutting unit and a 
second cutting unit in the sheet manufacturing apparatus ac- 
cording to the second embodiment of the present invention; 
and 

FIG. 12 is a side elevational view of the first cutting 
unit and the second cutting unit in the sheet manufacturing 
apparatus according to the second embodiment of the present 
invention . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIG. 1 schematically shows an overall arrangement of a 
sheet manufacturing apparatus 10 according to a first em- 
bodiment of the present invention. 

As shown in FIG. 1, the sheet manufacturing apparatus 
10 comprises a supply unit 12, an aligning unit 14 , a first 
cutting unit 16, a second cutting unit 18 # a first transfer 
unit 20, an inverting unit 22, a turning unit 24, a second 
transfer unit 26, and a discharge unit 28 which are succes- 
sively arranged in the feed direction indicated by the arrow 
(A) along which sheets are manufactured. 

The supply unit 12 accommodates therein a stack of 
films F (sheets) produced by cutting a rolled photosensitive 
medium into predetermined lengths. The supply unit 12 has a 
pair of limiting guides 30a, 30b disposed on its front end 
in the feed direction, and a pair of support bases 32a, 32b 
having surfaces for holding the stack of films F thereon, 
the surfaces being curved in the feed direction. A limiting 



plate 34 for limiting a lateral position of the films F is 
displaceably disposed on a side of the support base 32a. 
The support bases 32a , 32b are laterally spaced from each 
other by a gap 36 left therebetween. A bucket 40a of a film 
transfer mechanism 38 shown in FIG. 2, details of which will 
be described later on, is retractably disposed in the gap 
36. 

The aligning unit 14 has a pair of limiting guides 42a, 
42b disposed on its front end in the feed direction, and a 
pair of support bases 44a, 44b having flat surfaces for 
holding a stack of films F thereon. The aligning unit 14 
also has a displaceable aligning plate 46 disposed in a po- 
sition opposite to the limiting guides 42a, 42b and a pair 
of aligning plates 48a, 48b disposed on respective sides of 
the support bases 44a, 44b. The support bases 44a, 44b are 
laterally spaced from each other by a gap 50 left therebe- 
tween, and a bucket 40b is retractably disposed in the gap 
50. 

The first cutting unit 16 has a pair of support bases 
52a, 52b having flat surfaces for holding a stack of films F 
thereon. The first cutting unit 16 also has a pair of cut- 
ters 54a, 54b disposed on a side of the support base 52a for 
cutting off two adjacent corners of the films M into arcuate 
corners. A notching blade 56 for producing notches in the 
films M is disposed between the cutters 54a, 54b. The sup- 
port bases 52a, 52b are laterally spaced from each other by 
a gap 58 left therebetween, and a bucket 40c is retractably 



disposed in the gap 58. 

The second cutting unit 18 has a pair of support bases 
60a, 60b having flat surfaces for holding a stack of films F 
thereon. The second cutting unit 18 also has a pair of cut- 
ters 62a # 62b disposed on a side of the support base 60b for 
cutting off two adjacent corners of the films M into arcuate 
corners. The support bases 60a, 60b are laterally spaced 
from each other by a gap 64 left therebetween, and a bucket 
40d is retractably disposed in the gap 64. 

The first transfer unit 20 has a pair of transfer ta- 
bles 66a, 66b for transferring films F to the inverting unit 
22. The transfer tables 66a, 66b are laterally spaced from 
each other by a gap 68 left therebetween, and the bucket 40d 
can retractably be movable into the gap 68. 

The inverting unit 22 has upper and lower sandwiching 
plates 70a, 70b for sandwiching and vertically inverting, 
i.e., turning upside down, films F that have been trans- 
ferred by the first transfer unit 20. 

The turning unit 24 has upper and lower sandwiching 
plates 72a, 72b for sandwiching films F that have been 
transferred from the inverting unit 22 by the second trans- 
fer unit 26 and turning the films F in the plane thereof. 

The second transfer unit 26 has a pair of transfer ta- 
bles 74a, 74b for transferring films F from the inverting 
unit 22 to the discharge unit 28. The transfer tables 74a, 
74b are laterally spaced from each other by a gap 76 left 
therebetween, and a bucket 40e can retractably be movable 



into the gap 76. 

The discharge unit 28 has a pair of support bases 78a, 
78b which support the films F. The support bases 78a , 78b 
are laterally spaced from each other by a gap 80 left there- 
between, and a bucket 40e can retractably be movable into 
the gap 80, 

The film transfer mechanism 38 will be described below 
with reference to FIG. 2. 

There are as many film transfer mechanisms 38 as the 
number of the buckets 40a - 40e (support bodies), and these 
film transfer mechanisms 38 are associated with the buckets 
40a - 40e. As shown in FIG. 2, each film transfer mechanism 
38 has a drive table 86 lying horizontally and a lifting and 
lowering cylinder 88 fixedly mounted on the drive table 86 
for lifting and lowering the buckets 40a - 40e. The film 
transfer mechanism 38 also has guide bars 92a, 92b extending 
vertically through respective sleeves 90a, 90b that are 
mounted on the drive table 86 on opposite sides of the lift- 
ing and lowering cylinder 88. The upper end of a piston rod 
94 of the lifting and lowering cylinder 88 and the upper 
ends of the guide bars 92a, 92b are fixed to the lower sur- 
face of the buckets 40a - 40e. 

Each of the buckets 40a - 40e has a concave curved sur- 
face 96 (concave support surface) on its upper surface for 
supporting films F thereon. The curved surface 96 serves to 
curve films F to impart rigidity thereto, so that the films 
F can reliably be fed by the buckets 40a - 40e. The curved 



surface 96 has a horizontal width Y (see FIG. 1) in a hori- 
zontal direction perpendicular to the feed direction, which 
is slightly smaller than the widths of the gaps 68, 76. 

Slide blocks 98a, 98b are fixedly mounted on an upper 
surface of the drive table 86. The slide blocks 98a, 98b 
are movable along a horizontal guide rail 100. 

The drive table 86 is movable in the directions in 
which films F are fed in and out of the sheet manufacturing 
apparatus 10, by an actuator, not shown. There is a single 
drive table 86 associated with the buckets 40a - 40d and ex- 
tending through the film transfer mechanisms 38 for the 
buckets 40a - 40d. Another drive table 86 is associated 
with the bucket 40e independently of the drive table 86 as- 
sociated with the buckets 40a - 40d. 

A support member 104 is disposed on one side of the 
guide bar 92b with a bracket 102 interposed therebetween. 
The support member 104 can be adjusted in vertical position 
by a lifting and lowering cylinder 106 that is fixed to a 
lower end of the bracket 102. A clamp cylinder 110 is pivo- 
tally supported on a lower end of the support member 104 by 
a bracket 108. The clamp cylinder 110 has a piston rod 112 
on which an end of a clamp member 114 (second presser) is 
pivotally supported. The clamp member 114 has an intermedi- 
ate portion pivotally supported on an upper end of the sup- 
port member 104 and an opposite end capable of holding an 
upper surface of films F placed on the buckets 40a - 40e. A 
resilient member 115 is mounted on the opposite end of the 
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clamp member 114 for protecting films F against damage. 

A threaded hole 97 is defined centrally in a curved 
surface 96 of each of the buckets 40a - 40e. A pin hole 101 
for press-fitting a pin 99 (see FIG. 3) therein is also de- 
fined in the curved surface 96 at a position spaced a given 
distance from the threaded hole 97. As shown in FIG. 3, 
buckets 41a - 41e (other support bodies) for supporting 
films f of a different size are removably mounted on the 
curved surfaces 96 of the respective buckets 40a - 40e. The 
buckets 41a - 41e are connected to the respective buckets 
40a - 40e by screws 43 threaded in the threaded holes 97, 
and positioned by fixing pins 99 that are press-fitted in 
the respective pin holes 101. The buckets 41a - 41e have a 
width that is about one -half of the width of the buckets 40a 
- 40e, across the feed direction in which films f are fed. 
The buckets 41a - 41e have a curved surface 103 for support- 
ing films f thereon. The radius of curvature of the curved 
surface 103 is smaller than the radius of curvature of the 
curved surface 96 of the buckets 40a - 40e for supporting 
films F thereon. 

FIG. 4 shows structural details of the first transfer 
unit 20, the inverting unit 22, the turning unit 24, and the 
second transfer unit 26 which are disposed between the sec- 
ond cutting unit 18 and the discharge unit 28. 

Support columns 116, 118 are vertically disposed on 
sides of the first transfer unit 20 and the second transfer 
unit 26. Upper and lower beams 120, 122 extend between and 



are connected to upper ends of the support columns 116, 118, 
and a guide rail 123 extends between the upper and lower 
beams 120, 122. Displacing motors 124, 126 are fixedly 
mounted on the upper beam 120, and operatively coupled to 
respective sprockets 132, 134 by chains 128, 130, 

The sprocket 132 is connected to an end of a ball screw 
136 that extends horizontally between the first transfer 
unit 20 and the inverting unit 22. A nut 138 is threaded 
over the ball screw 136 and coupled to brackets 140a, 140b 
of the first transfer unit 20 that are displaceable along 
the guide rail 123. As shown in FIG. 5, the brackets 140a, 
140b have the transfer tables 66a, 66b on their lower ends. 
The transfer tables 66a, 66b are disposed in facing relation 
to each other with the gap 68 defined therebetween for in- 
serting the bucket 40d therein, and have comb -toothed fin- 
gers 143a - 143h for holding films F thereon. 

A film presser 149 is joined to the brackets 140a, 140b 
by a pressing cylinder 148 for pressing an upper surface of 
films F that are being fed by the transfer tables 66a, 66b, 
74a, 74b. A film presser bar 152 fixed to the beam 122 by a 
pressing cylinder 150 is disposed in a home position of the 
first transfer unit 20. The film presser bar 152 serves to 
correct films F from a curved state caused by the buckets 
40a - 40e and also to prevent films from popping out of the 
buckets 40a - 40e. 

The other sprocket 134 is connected to an end of a ball 
screw 154 that extends horizontally between the inverting 



unit 22 and the second transfer unit 26. A nut 156 is 
threaded over the ball screw 154 and coupled to brackets 
158a, 158b of the second transfer unit 26 that are displace- 
able along the guide rail 123. Other structural details of 
the second transfer unit 26 are identical to those of the 
first transfer unit 20, and denoted by identical reference 
characters and will not be described in detail below. 

As shown in FIG. 6, the inverting unit 22 has a large 
gear 162 mounted on an upper end of a support column 160 and 
an inverting motor 166 operatively coupled to the large gear 
162 by a small gear 164 meshing with the large gear 162. 
Opening care connected to the large gear 162 by respective 
upper and lower brackets 168a, 168b. The upper and lower 
sandwiching plates 70a, 70b are coupled respectively to the 
opening and closing cylinders 170a, 170b. The upper and 
lower sandwiching plates 70a, 70b have comb- toothed fingers 
172a - 172f and 174a - 174f for holding films M, which can 
pass through grooves between the comb-toothed fingers 143a - 
143h of the transfer tables 66a, 66b of the first transfer 
unit 20. 

As shown in FIG. 7, the turning unit 24 basically com- 
prises an upper turning mechanism 176 and a lower turning 
mechanism 178. The upper turning mechanism 176 comprises a 
bearing 180 (see FIG. 2) mounted downwardly on a central 
portion of the beam 122, a turning motor 182a fixedly 
mounted on the bearing 180, a gear 186a supported by the 
bearing 180 and held in mesh with a gear 184a of the turning 
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motor 182a, a turntable 188 coupled to a shaft of the gear 
186a , an opening and closing cylinder 190 fixed to a lower 
surface of the turntable 188, and the sandwiching plate 72a 
that is secured to piston rods 192 of the opening and clos- 
ing cylinder 190. Guide bars 194a, 194b are vertically dis- 
posed between the turntable 188 and the sandwiching plate 
72a. 

The lower turning mechanism 178 comprises an opening 
and closing cylinder 198 supported on a base 196, a bearing 
202 mounted on an upper end of piston rods 200 of the open- 
ing and closing cylinder 198, a turn shaft 203 supported by 
the bearing 202, and the sandwiching plate 72b that is 
mounted on an upper end of the turn shaft 203. The sand- 
wiching plates 72a, 72b have respective fingers 204a - 204d 
and 206a - 206d that are arranged in a crisscross pattern. 
A gear 186b is fixed to the turn shaft 203, and a turning 
motor 182b is operatively coupled to the gear 186b by a gear 
184b held in mesh with the gear 186b. The turning motor 
182a of the upper turning mechanism 176 and the turning mo- 
tor 182b of the lower turning mechanism 178 are energizable 
in synchronism with each other. 

The sheet manufacturing apparatus 10 according to the 
first embodiment of the present invention is basically con- 
structed as described above. Operation of the sheet manu- 
facturing apparatus 10 will be described below. 

For feeding films F with the buckets 40a - 40e, films F 
are stacked on the support bases 32a, 32b in the supply unit 



12. At this time, the front end of the films F in the feed 
direction indicated by the arrow (A) in FIG. 1 is limited by 
the limiting guides 30a, 30b, and one side of the films F is 
limited by the limiting plate 34. The films F are stacked 
in a curved state on the support bases 32a, 32b. 

When a predetermined number of films F are supplied, 
the bucket 40a of the film transfer mechanism 38 is dis- 
placed upwardly into the gap 36 between the support bases 
32a, 32b, and transfers the stacked films F to the next 
aligning unit 14. 

Specifically, as shown in FIG. 2, the film presser bar 
152 is lowered to hold the films F together with the support 
bases 32a, 32b, after which the lifting and lowering cylin- 
der 88 is actuated to lift the bucket 40a into the gap 36 
between the support bases 32a, 32b. The lowermost film F of 
the film stack on the support bases 32a, 32b is supported on 
the curved surface 9 6 of the bucket 40a. Then, the clamp 
cylinder 110 is actuated to turn the clamp member 114 to 
cause the resilient member 115 thereon to press the upper- 
most film F of the film stack. 

Since the stacked films F are pressed by the resilient 
member 115, the stacked films F are held in position for 
protection against being displaced while they are being fed. 
The distance between the curved surface 96 of the bucket 40a 
and the resilient member 115 can be adjusted as desired de- 
pending on the number of the stacked films F by actuating 
the lifting and lowering cylinder 106 (displacing means) to 



vertically move the support member 104. Therefore, the 
films F can be held adequately without suffering damage that 
would otherwise occur when sandwiched under an excessive 
pressure. 

When the bucket 40a is elevated together with the film 
presser bar 152 from the above position, the films F are re- 
leased from the limiting guides 30a, 30b. After the film 
presser bar 152 is spaced from the films F, an actuator, not 
shown, is operated to move the drive table 86 in the feed 
direction, thereby feeding the films F to the next aligning 
unit 14. Although the width Y of the bucket 40a is smaller 
than the width X of the films F, since the films F are fed 
while being curved by the curved surface 96 of the bucket 
40a, the opposite sides of the films F are prevented from 
sagging while they are being fed. 

When the bucket 40a with the films F placed thereon are 
moved to a position above the aligning unit 14, the lifting 
and lowering cylinder 88 of the film transfer mechanism 38 
is actuated again to lower the bucket 40a. As a result, the 
films F are placed onto the support bases 44a, 44b of the 
aligning unit 14. Then, the front, rear, left, and right 
edges of the films F are aligned by the aligning plate 46 
and the aligning plates 48a, 48b. The bucket 40a from which 
the films F have been placed onto the support bases 44a, 44b 
returns to a position for moving a next stack of films F in 
the supply unit 12 when the drive table 86 is displaced in a 
direction opposite to the feed direction. 



The films F that have been aligned in the aligning unit 
14 are then moved to the first cutting unit 16 by the bucket 
40b and placed onto the support bases 52a, 52b. Thereafter, 
two corners of the films F are cut off into arcuate corners 
by the cutters 54a, 54b, and notches for confirming the di- 
rection of the films F are defined in a side of the films F 
by the notching blade 56. 

Then, the films F are fed by the bucket 40c to the next 
second cutting unit 18 where the remaining two corners of 
the films F are cut off into arcuate corners by the cutters 
62a, 62b. The stack of the films F whose corners have all 
been cut off is then fed to the next first transfer unit 20 
by the bucket 40d. 

A sequence of operation from the first transfer unit 20 
to the discharge unit 28 will be described below with refer- 
ence to FIGS. 4 through 8. 

The bucket 40d with the films F held thereon which has 
been fed to the first transfer unit 20 enters the gap 68, 
and thereafter is lowered when the lifting and lowering cyl- 
inder 88 is actuated, as shown in FIG. 5. The films F are 
now placed on the comb-toothed fingers 143a - 143h of the 
transfer tables 66a, 66b of the first transfer unit 20. 

When the films F are to be transferred from each of the 
aligning unit 14, the first cutting unit 16, and the second 
cutting unit 18 to an adjacent unit, the films F are de- 
formed from a planar state into a curved state. Specifi- 
cally, the pressing cylinder 150 disposed above each of the 



buckets 40b - 40d is actuated to lower the film presser bar 
152 into abutment against a central portion of the films F. 
Then, the lifting and lowering cylinder 88 is actuated to 
lift the buckets 40b - 40d. When the buckets 40b - 40d are 
lifted a predetermined distance, the films F are curved by 
downward forces applied from the film presser bar 152 that 
abuts against the central portion of the films F and the 
curved surface 96 of the buckets 40b - 40d which is held 
against the lower surface of the films F. Thereafter, the 
clamp cylinder 110 is actuated to cause the resilient member 
115 on the end of the clamp member 114 to press the upper 
surface of the films F. The lifting and lowering cylinder 
88 and the film presser bar 152 are lifted together to ele- 
vate the film F in the curved state by a predetermined dis- 
tance. Thereafter, only the film presser bar 152 is further 
lifted away from the upper surface of the films F. Then, 
the drive table 86 is displaced downstream, and the buckets 
40b - 40d are lowered again. As a result, the stacked films 
F are placed onto the support bases 52a, 52b of the first 
cutting unit 16, the support bases 60a, 60b of the second 
cutting unit 18, and the transfer bases 66a, 66b of the 
first transfer unit 20. 

When the stacked films F are placed onto the transfer 
bases 66a, 66b of the first transfer unit 20, the film 
presser 149 is lowered into abutment against the upper sur- 
face of the films F. Thereafter, the displacing motor 124 
is energized to move the first transfer unit 20, which is 
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holding the films F, toward the inverting unit 22. 

In the inverting unit 22, the sandwiching plates 70a, 
70b are waiting while being spaced apart from each other, 
and the transfer bases 66a, 66b of the first transfer unit 
20 which are holding the films F enter between the sandwich- 
ing plates 70a, 70b. When the transfer bases 66a, 66b reach 
a predetermined position between the sandwiching plates 70a, 
70b, the opening and closing cylinders 170a, 170b are actu- 
ated to move the sandwiching plates 70a, 70b toward each 
other. Since the comb- toothed fingers 172a - 172f and 174a 
- 174f of the sandwiching plates 70a, 70b are aligned with 
the gaps between the comb-toothed fingers 143a - 143h of the 
transfer bases 66a, 66b, the sandwiching plates 70a, 70b 
sandwich the films F without interference with the transfer 
bases 66a, 66b. 

When the sandwiching plates 70a, 70b sandwich the films 
F, the first transfer unit 20 returns in the direction oppo- 
site to the feed direction and waits for moving a next stack 
of films F. After the sandwiching plates 70a, 70b have 
sandwiched the films F, the inverting motor 166 is energized 
to cause the small gear 164 and the large gear 162 to turn 
the sandwiching plates 70a, 70b by 180° , thus inverting the 
films F, i.e., turning the films F upside down. 

After the films F have been turned upside down, the 
second transfer unit 26 is moved to the inverting unit 22. 
As is the case with the first transfer unit 20, the films F 
are placed onto the transfer bases 74a, 74b. The second 



transfer unit 26 with the films F placed thereon is moved to 
the turning unit 24 by the displacing motor 126. 

In the turning unit 24, the sandwiching plates 72a, 72b 
are waiting while being spaced apart from each other, and 
the transfer bases 74a, 74b of the second transfer unit 26 
which are holding the films F enter between the sandwiching 
plates 72a, 72b. When the transfer bases 74a, 74b reach a 
predetermined position between the sandwiching plates 72a, 
72b, the opening and closing cylinders 190, 198 are actuated 
to move the sandwiching plates 72a, 72b toward each other. 
Since the comb-toothed fingers 204a - 204d and 206a - 206d 
of the sandwiching plates 72a, 72b are aligned with the gaps 
between the comb- toothed fingers 143b, 143c and between the 
comb-toothed fingers 143g, 143f of the transfer bases 74a, 
74b, the sandwiching plates 72a, 72b sandwich the films F 
without interference with the transfer bases 74a, 74b. 

After the films F have been sandwiched in the turning 
unit 24, the turning motors 182a, 182b are energized to 
cause the gears 184a, 184b and 186a, 186b to turn the sand- 
wiching plates 72a, 72b by 90° . As a result, the films F 
are oriented in a given direction. 

After the films F have been turned, the opening and 
closing cylinders 190, 198 are retracted away from each 
other to transfer the films F again onto the transfer bases 
74a, 74b of the second transfer unit 26. The second trans- 
fer unit 26 which has received the films F is displaced to 
its home position shown in FIG. 4 by the displacing motor 
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Then, the bucket 40e of the film transfer mechanism 38 
which has been waiting below the second transfer unit 26 is 
lifted into the gap 76, thus holding the films F. The films 
F have the upper central surface pressed by the film presser 
bar 152 and hence are curved by and placed on the bucket 
40e, in the same manner as when they were handled in the 
aligning unit 14, the first cutting unit 16, and the second 
cutting unit 18. Thereafter, the bucket 40e is displaced to 
the discharge unit 28, and places the films F onto support 
bases 78a, 78b. The films F placed on the support bases 
78a, 78b are then fed to a next packaging process. 

The sheet manufacturing apparatus 10 according to the 
first embodiment does not place a heavy burden on the work- 
ers, but allows stacks of films F to be inverted and turned 
reliably and easily. 

In the first embodiment, the turning unit 24 is dis- 
posed between the inverting unit 22 and the second transfer 
unit 26. However, the discharge unit 28 which is in a final 
stage of the sheet manufacturing apparatus 10 may have a 
function to turn stacks of films F. 

FIG. 9 shows a turning discharge unit 208 according to 
such a modification. As shown in FIG. 9, the turning dis- 
charge unit 208 comprises a turning gear 209 having a gap 
210 defined therein for introducing the bucket 40e therein 
and a pair of support bases 212a, 212b disposed on the turn- 
ing gear 209. The turning gear 209 is held in mesh with a 



gear 216 mounted on the drive shaft of a turning motor 214. 

When films F are placed from the bucket 40e onto the 
support bases 212a, 212b of the turning discharge unit 208, 
the turning motor 214 is energized to cause the gear 216 and 
the turning gear 209 to turn the support bases 212a, 212b to 
turn the film F into a given direction. Then, the films F 
are discharged from the turning discharge unit 208 to a next 
process . 

If the sheet manufacturing apparatus 10 incorporates 
the turning discharge unit 208 thus constructed, then the 
sheet manufacturing apparatus 10 has a feed path of reduced 
length for feeding films F . 

In the sheet manufacturing apparatus 10 according to 
the first embodiment, the films F are fed in a curved state 
between the various units or steps. 

If the radius of curvature of the curved surface 96 of 
each of the buckets 40a - 40e is set to 60 cm, then it is 
possible to well feed films F having sizes Z x X from 18 cm 
x 24 cm to 35 cm x 43 cm, except films F having a size Z x X 
of 18 cm x 43 cm, where Z represents the width of the films 
F in the feed direction and X represents the width of the 
films F in the direction perpendicular to the feed direc- 
tion. 

In the first embodiment, if the radius of curvature of 
the curved surface 103 of each of the buckets 41a - 41e 
ranges from 30 cm to 40 cm, which is different from the ra- 
dius of curvature of the curved surface 96, then it is pos- 



sible to well feed films f having a size Z x X of 18 cm x 43 
cm, i.e., films f which are elongate in the direction per- 
pendicular to the feed direction. 

For feeding such elongate films f in the first embodi- 
ment, the pins 99 are press-fitted into the pin holes 101 in 
the buckets 40a - 40e, and thereafter the buckets 41a - 41e 
are fastened to the curved surfaces 96 of the buckets 40a - 
40e by the screws 43. Then, the films f are held on the 
curved surfaces 103 of the buckets 41a - 41e. At this time, 
the films f are well held by the curved surfaces 103 whose 
radius of curvature is set depending on the width Z in the 
feed direction, and fed to a desired unit or step. 

FIG. 10 schematically shows a sheet manufacturing appa- 
ratus 300 according to a second embodiment of the present 
invention. Those parts of the sheet manufacturing apparatus 
300 which are identical to those of the sheet manufacturing 
apparatus 10 according to the first embodiment are denoted 
by identical reference characters, and will not be described 

in detail below. 

The sheet manufacturing apparatus 300 comprises a sup- 
ply unit 12, a first cutting unit 302A, a second cutting 
unit 302B, a third cutting unit 302C, a fourth cutting unit 
302D, a first transfer unit 20, an inverting unit 22, a 
turning unit 24, a second transfer unit 26, and a discharge 
unit 28 which are successively arranged in the feed direc- 
tion indicated by the arrow (A) along which sheets are manu- 
factured. 
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The first cutting unit 302A, the second cutting unit 
302B, the third cutting unit 302C, and the fourth cutting 
unit 302D serve to cut first, second, third, and fourth cor- 
ners, respectively, of films F into arcuate corners. Be- 
tween the first through fourth cutting units 302A - 302D, 
films F are fed by buckets 304a - 304e of film transfer 
mechanisms 38. A bucket 304f is disposed in the second 
transfer unit 26. 

FIGS. 11 and 12 show the first cutting unit 302A and 
the second cutting unit 302B in plan and side elevation, re- 
spectively. The third cutting unit 302C is identical in 
structure to the second cutting unit 302B, and the fourth 
cutting unit 302D is identical in structure to the first 
cutting unit 302A. The parts of the third and fourth cut- 
ting units 302C, 302D are denoted by reference characters 
identical to those of the second and first cutting units 
302B, 302A, and will not be described in detail below. 

In the first cutting unit 302A, a drive motor 324 is 
fixedly mounted on a plate 322 that is supported on support 
columns 320a - 320d. To the drive motor 324, there is con- 
nected a feed screw 326 threaded through a nut 328 connected 
to a slide table 330 that is displaceable along a guide mem- 
ber 329 in the feed direction in which films F are fed. 

A support base 334a for supporting films F is disposed 
on the slide table 330 by support columns 332a, 332b. The 
slide table 330 supports thereon guide rails 336a, 336b that 
extend horizontally perpendicularly to the feed direction. 



A support base 334b for supporting films F is disposed on 
the guide rails 336a, 336b. A drive motor 338 is fixed to 
the slide table 330 and connected to a feed screw 340 that 
is threaded through a nut 342 connected to the support base 
334b. Therefore, the support base 334b is displaceable 
along the guide rails 336a, 336b horizontally perpendicu- 
larly to the feed direction. 

The support base 334b supports thereon a lower blade 
344 and an upper blade 346 for cutting off first corners of 
films F into arcuate corners. The lower blade 344 is fixed 
to the support base 334b, and fixed guides 345a, 345b for 
receiving films F are disposed one on each side of the lower 
blade 344. The upper blade 346 is fixed to an upper blade 
holder 350 that is vertically movable along guide rails 
348a, 348b vertically mounted on the support base 334b by an 
actuator, not shown. 

A support column 352 is vertically mounted on the plate 
322 and extends through an oblong hole 331 defined in the 
slide table 330. A limiting guide 356 displaceable by a 
cylinder 354 is mounted on an upper end of the support col- 
umn 352. The limiting guide 356 is disposed on a side of 
the support base 334a for limiting a downstream position of 
films F in the feed direction. 

In the second cutting unit 302B, a support base 360a 
for supporting films F is disposed on the plate 322 by sup- 
port columns 358a, 358b. The plate 322 supports thereon 
guide rails 362a, 362b that extend horizontally perpendicu- 



larly to the feed direction. A support base 360b for sup- 
porting films F is mounted on the guide rails 362a, 362b. A 
drive motor 364 is fixed to the plate 322 and connected to a 
feed screw 366 that is threaded through a nut 368 connected 
to the support base 360b. Therefore, the support base 360b 
is displaceable along the guide rails 362a, 362b horizon- 
tally perpendicularly to the feed direction. 

The support base 360b supports thereon a lower blade 
370 and an upper blade 372 for cutting off second corners of 
films F into arcuate corners. The lower blade 370 is fixed 
to the support base 360b, and fixed guides 371a, 371b for 
receiving films F are disposed one on each side of the lower 
blade 370. The upper blade 372 is fixed to an upper blade 
holder 376 that is vertically movable along guide rails 
374a, 374b vertically mounted on the support base 360b by an 
actuator, not shown. 

A support column 378 is vertically mounted on an end of 
the slide table 330 on the plate 322 near the second cutting 
unit 302B. A limiting guide 382 displaceable by a cylinder 
380 is mounted on an upper end of the support column 378. 
The limiting guide 382 is disposed on a side of the support 
base 360a for limiting an upstream position of films F in 
the feed direction. 

A support base 334c for supporting films F is disposed 
on the plate 322 and spaced by a gap 384 from the support 
bases 334a, 334b of the first cutting unit 302A in confront- 
ing relation thereto. Films F are supported on the support 

- 26 - 



bases 334a - 334c in the first cutting unit 302A. Simi- 
larly, a support base 360c for supporting films F is dis- 
posed on the plate 322 and spaced by a gap 386 from the sup- 
port bases 360a, 360b of the second cutting unit 302B. 
Films F are supported on the support bases 360a - 360c in 
the second cutting unit 302B. 

Slide members 390, 391 are mounted on respective guide 
rails 388, 389 disposed on the plate 322 on sides of the 
support bases 334c, 360c and extending in the direction per- 
pendicular to the feed direction. The slide members 390, 
391 are interconnected by a beam 392. A drive motor 394 is 
disposed on the plate 322 between the guide rails 388, 389 
and connected to a feed screw 39 6 that is threaded through a 
nut 398 fixed to a central portion of the beam 392. There- 
fore, the slide members 390, 391 are displaceable toward the 
support bases 334c, 360c by the drive motor 394. 

Limiting guides 404, 406 that can be displaced by re- 
spective cylinders 400, 402 are mounted on respective upper 
ends of the slide members 390, 391. The limiting guide 404 
is disposed on a side of the support base 334c of the first 
cutting unit 302A for limiting the position of a side of 
films F in a direction perpendicular to the limiting guide 
356. Likewise, the limiting guide 406 is disposed on a side 
of the support base 360c of the second cutting unit 302B for 
limiting the position of a side of films F in a direction 
perpendicular to the limiting guide 382. 

The sheet manufacturing apparatus 300 according to the 



second embodiment of the present invention is basically con- 
structed as described above. Operation of the sheet manu- 
facturing apparatus 300 will be described below. 

After a plurality of films F have been stacked in the 
supply unit 12, the films F are fed to the next first cut- 
ting unit 302A by the bucket 304a. The bucket 304A with the 
films F placed thereon is lowered from above the first cut- 
ting unit 302A through the gap 384. As a result, the films 
F are transferred onto the flat support bases 334a - 334c of 
the first cutting unit 302A. 

In the first through fourth cutting units 302A - 302D, 
the limiting guides 356, 382, 404, 406 , the lower blades 
344, 370, and the upper blades 346, 372 have been adjusted 
in position depending on the size of the films F that are 
fed. 

Specifically, when the drive motor 324 shown in FIG. 12 
is energized, the feed screw 326 is rotated about its own 
axis, causing the cut 328 to displace the slide table 330 in 
the feed direction indicated by the arrow (A) . When the 
slide table 330 is displaced, the support bases 334a, 334b, 
the lower blade 344, and the upper blade 346 of the first 
cutting unit 302A are displaced in the feed direction. The 
first cutting unit 302A is now adjusted in size in the feed 
direction, using as a reference the first corner to be cut 
off by the lower blade 344 and the upper blade 346. 

When the slide table 330 is displaced, the limiting 
guide 382 of the second cutting unit 302B which is coupled 
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to the end of the slide table 330 by the support column 378 
is displaced in the feed direction. The second cutting unit 
302B is now adjusted in size in the feed direction, using as 
a reference the second corner to be cut off by the lower 
blade 370 and the upper blade 372. 

Then, the drive motors 338, 364 are energized to rotate 
the feed screws 340, 366 about their own axes, causing the 
cuts 342, 368 to displace the support bases 334b, 360b along 
the guide rails 336a, 336b, 362a, 362b. The lower blades 
344, 346 of the first cutting unit 302A and the lower cut- 
ting blades 370, 372 of the second cutting blade 302B are 
displaced in the direction perpendicular to the feed direc- 
tion indicated by the arrow (A), adjusting the lower blades 
344, 346 and the upper blades 370, 372 in size with respect 
to the first and second corners of the films F. 

When the drive motor 394 is energized, the feed screw 
396 is rotated about its own axis, causing the nut 398 to 
move the beam 392 in the direction perpendicular to the feed 
direction. At this time, the limiting guides 404, 406 are 
displaced along the guide rails 388, 389 by the slide mem- 
bers 390, 391 fixed to the opposite ends of the beam 392, 
thereby adjusting the limiting guides 404, 406 in size with 
respect to sides of the films F near the third and fourth 
corners thereof . 

Similarly, the sizes of the third cutting unit 302C and 
the fourth cutting unit 302D are adjusted with respect to 
the films F. 



After the films F fed by the bucket 304a have been 
placed on the support bases 334a - 334c of the first cutting 
unit 302A, the cylinder 354 is actuated to displace the lim- 
iting guide 356 upstream in the feed direction. The films F 
are now displaced toward the lower blade 344 and the upper 
blade 346 while their downstream sides are aligned by the 
limiting guide 356. 

Then, the cylinder 400 is actuated to displace the lim- 
iting guide 404 in the direction perpendicular to the feed 
direction. The films F are now displaced toward the lower 
blade 344 and the upper blade 346 while their sides parallel 
to the feed direction are aligned by the limiting guide 404. 

After the films F have thus been positioned, the upper 
blade 346 is lowered toward the lower blade 344 by the upper 
blade holder 350, cutting off the first corner of the films 
F. Since the first corner is cut off with the two perpen- 
dicular sides of the films F being aligned by the limiting 
guides 356, 404, the first corner of each of the films F can 
be cut off with high accuracy without being adversely af- 
fected by any positional displacement of the films F which 
may have occurred when they have been fed. 

The films F with the first corner thus cut off are fed 
to the second cutting unit 302B by the bucket 304b, and 
placed on the support bases 360a - 360c. The cylinder 380 
is actuated to displace the limiting guide 382 downstream in 
the feed direction, displacing the films F toward the lower 
blade 370 and the upper blade 372 while their upstream side 
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are aligned by the limiting guide 382. 

Then, the cylinder 402 is actuated to displace the lim- 
iting guide 406 in the direction perpendicular to the feed 
direction. The films F are now displaced toward the lower 
blade 370 and the upper blade 372 while their sides parallel 
to the feed direction are aligned by the limiting guide 406. 

After the films F have thus been positioned, the upper 
blade 372 is lowered toward the lower blade 370 by the upper 
blade holder 376, cutting off the second corner of the films 
F. Since the second corner is cut off with the two perpen- 
dicular sides of the films F being aligned by the limiting 
guides 382, 406, the second corner of each of the films F 
can be cut off with high accuracy without being adversely 
affected by any positional displacement of the films F which 
may have occurred when they have been fed. 

The films F with the first and second corners thus cut 
off are fed successively to the third cutting unit 302C and 
the fourth cutting unit 302D by the buckets 304c, 304d, and 
the remaining third and fourth corners of the films F are 
cut off respectively in the third cutting unit 302C and the 
fourth cutting unit 302D. 

The films F with the first through fourth corners thus 
cut off are fed are fed successively to the first transfer 
unit 20, the inverting unit 22, the turning unit 24, the 
second transfer unit 26, and the discharge unit 28 by the 
buckets 304e, 304f . Thereafter, the films F are fed from 
the discharge unit 28 to a next packaging process. 



Although certain preferred embodiments of the present 
invention have been shown and described in detail, it should 
be understood that various changes and modifications may be 
made therein without departing from the scope of the ap- 
pended claims . 
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